ABSTRACT
INTRODUCTION
While psychiatry traditionally focused on overt symptomatology, it is increasingly recognized that it is necessary to identify intermediate markers, or latent traits, that predispose towards a range of overt psychiatric pathologies. 1 One potential 'latent' type of trait, of relevance not just at a clinical but also population level, is that of a tendency towards obsessive and compulsive thoughts and behaviors (hereafter referred to as 'obsessive-compulsive symptoms').
Questionnaire-based self-report measures of obsessive-compulsive symptoms are ideally suited for large-scale studies in the population: they are relatively cheap and rapid to administer, and provide a broad or over-arching composite measure of compulsivity. The Padua Inventory 2 is such a questionnaire, developed to study obsessive-compulsive thoughts and behaviors both at a subsyndromal level and in clinical populations, including patients with obsessive-compulsive disorder (OCD). 3 Are obsessive-compulsive symptoms impulsive or compulsive? Behaviors described as 'impulsive' or 'compulsive' cut across multiple psychiatric disorders, and also exist in the general population to variable degrees. Broadly speaking, compulsivity refers to thoughts and behaviors that are repetitive, and performed in a stereotyped or habitual fashion. One conceptualization holds that impulsivity (tendency towards premature, poorly thought out acts) 4 is diametrically opposed to compulsivity, with impulsivity and compulsivity representing opposing ends of a behavioral spectrum. 5 Alternatively, the two terms may be seen as overlapping, in that they both imply underlying problems with top-down inhibitory control. [6] [7] Furthermore, certain disorders formally regarded as impulsive (for example, trichotillomania) are now included in the same diagnostic category as OCD in DSM-5, suggesting that the consensus view holds them to be 'compulsive' rather than 'impulsive'. Considerable research has focused on fractionating impulsivity, [8] [9] such as in terms of cognitive tests and disorders; while the concept of compulsivity is perhaps less fully developed.
Impulsivity and compulsivity can be considered at the level of syndrome, behavior, or cognition. Studies exploring the inter-relationships between potentially separable forms of compulsivity have focused mainly at the level of clinical disorder. 10 Patients with OCD show elevated occurrence of other disorders traditionally regarded as impulse control disorders, such as compulsive gambling, hair pulling disorder, and skin picking disorder; and vice versa.
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This phenomenological and comorbid overlap was originally recognized some years ago, but more recently resulted in OCD being clustered under the umbrella category of 'Obsessive-
Compulsive and Related Disorders' in the Diagnostic and Statistical Manual Version 5, 13 alongside hair pulling disorder, and skin picking disorder, as noted above. However, important differences exist between these disorders. 14 For example, OCD and these disorders differ both at the level of neuropsychological test performance, 7 and in terms of treatment responsiveness. [15] [16] From a neurobiological perspective, compulsivity has mostly been considered in terms of the 'archetypal' disorder of compulsivity, namely OCD. OCD has been associated with structural and functional abnormalities of fronto-striatal circuitry, in part, responsible for habit learning and top-down control. Notable implicated brain regions include the ventral and dorsal striatum (accumbens, and caudate/putamen), and frontal cortex sectors (orbitofrontal and dorsolateral).
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Consistent with involvement of these regions in the pathophysiology of compulsivity, OCD patients often exhibit deficits on neurocognitive tasks versus healthy controls, particularly those cognitive domains involving top-down control over flexible responding, such as the Wisconsin Card Sorting Test (WCST) or conceptually related Intra-Dimensional/Extra-Dimensional setshift test. [18] [19] [20] One key caveat in this approach to understanding the neurobiology of compulsivity is that OCD represents the end point of complex brain pathologies. Thus, focusing on OCD alone provides limited insights into the chain of pathogenesis, and the relationship between compulsivity in the broader population and clinical manifestations of compulsivity in other disorders.
Relatively little is known about whether compulsivity-relevant cognitive impairment extends along a continuum, beyond just those people with formal psychiatric disorders.
Impairments on tests of flexible responding appear to extend into the remission phase of OCD, 21 and to exist in clinically asymptomatic first-degree relatives of OCD patients. [22] [23] [24] [25] [26] 
Aims of the Study
The aim of the current study was to explore relationships between obsessive-compulsive symptoms (Padua Inventory total scores) and distinct measures of impulsivity and compulsivity in young adults. We predicted that obsessive-compulsive symptoms would be significantly associated with worse flexible responding (impaired set-shifting) and the presence of one or more impulse control disorders.
MATERIAL AND METHODS

Subjects
Study participants comprised 515 young adults aged 18-29 years, recruited consecutively using media advertisements in two US cities. The only inclusion criterion was gambling at least five times in the preceding year (gambling was defined as playing any game of chance for the possibility of winning money, and this was used a proxy for a minimal baseline level of impulsive or compulsive tendencies). The age and minimal gambling criteria were a consequence of the funding source for this study, as funding was supplied for a broader project focusing on the development of gambling-related behaviors over time. As such, our sample can be viewed as being somewhat enriched for gambling tendencies. Exclusion criteria were an inability to understand/undertake the assessments, and failure to provide written informed consent. The study was undertaken in accordance with the Declaration of Helsinki.
Assessments
Assessments comprised completion of the Padua Inventory, detailed psychiatric interview, and neuropsychological testing. All were undertaken in a quiet environment. The
Padua Inventory is a 60-item questionnaire originally developed to study obsessive-compulsive thoughts and behaviors in the general population. 2 It yields a total score, derived on the basis of factor analysis. Occurrence of mainstream psychiatric conditions was evaluated using the Mini International Neuropsychiatric Inventory (MINI) (English Version 5.0.0), 32 while the presence of impulse control disorders was detected using the Minnesota Impulsive Disorders Interview (MIDI) 33 . Both of these instruments (MINI, MIDI) represent structured, gold-standard psychiatric assessments. The MINI screens for anxiety, mood, eating, psychotic, and alcohol and substance use disorders. Although the formal category of impulse control disorders from DSM-IV has been modified by DSM-5, we believe the disorders captured by the MIDI reflect an array of behaviors which have impulsivity as a cardinal feature, regardless of DSM categorization. 12, 33 Information was collected in relation to frequency of alcohol use, and equivalent numbers of cigarette packs smoked per day. Quality of life was measured using the Quality of Life Inventory (QOLI). 34 Cognitive testing was completed using a selected range of paradigms from the computerized Cambridge Neuropsychological Test Automated Battery (CANTABeclipse, version 3, Cambridge Cognition Ltd, UK), which utilizes a touch-screen computer interface.
Tests were selected on the basis of cognitive domains often found to be impaired in compulsive disorders including obsessive-compulsive disorder (OCD) and gambling disorder, [17] [18] [19] 35 specifically set-shifting, response inhibition, and decision-making.
Set-shifting was measured using the Intra-dimensional/Extra-dimensional task (IED).
This paradigm decomposes different aspects of rule learning and flexible responding, and was derived from the Wisconsin Card Sorting Test. Participants view a series of trials, each involving presentation of two stimuli on-screen, and attempt to work out an underlying 'rule' about which stimuli is correct. For each trial, the participant chooses one stimuli or the other, and then receives feedback as to whether the choice was correct or incorrect. Through trial and error, the individual works out the underlying rule, that is then changed by the computer in order to explore different aspects of behavior. The main measure of compulsivity on the task is the number of errors made on the extra-dimensional set-shift stage, which requires shifting attention away from a previously relevant stimulus dimension (such as the number of lines), and onto a previously irrelevant stimulus dimension (such as the appearance of a polygonal shape).
Response inhibition was measured using the Stop-Signal Task Decision-making was measured using the Cambridge Gamble Task (CGT). On each trial, ten boxes are shown on the computer screen, some blue and some red, with a token having been hidden behind one of these by the computer. For a given trial, the participant selects the color (red or blue) they think the token is hidden behind, and then choose how many of their cumulative 'points' to gamble on having made the correct decision. The hidden token is then revealed, and the participant receives feedback (gain or loss of points). Over the course of the exercise, the aim is to acquire as many points as possible. The main measures of decision-making on the task are the proportion of points gambled overall, the proportion of rational decisions made (proportion of trials when the volunteer opted for the color that was in the majority), and risk adjustment (the extent to which subjects modulated the amount gambled depending on the probability of making correct choices) (36).
Data Analysis
Salient demographic, clinical, and cognitive measures were tabulated across the whole sample. In primary analysis, the relationship between Padua Inventory total scores and these predictor variables was explored using linear regression (method 'enter', criterion for entry p=0.05 and for removal p=0.10). Two sets of secondary analyses were then conducted, again using linear regression, to explore: (i) relationships between individual MINI and MIDI psychiatric disorders and Padua total scores; and (ii) relationships between significantly predictive variables identified in the primary analysis and subscale total scores for Padua (contamination obsessions & washing compulsions; dressing/grooming compulsions; checking compulsions; obsessional thoughts of harming self/others; and impulses to harm self/others).
Statistical significance was defined as p<0.05 uncorrected two-tailed. All statistical analyses were undertaken using SPSS version 22.
RESULTS
515 subjects were enrolled into the study, and completed clinical and cognitive assessment. The mean (SD) Padua total scores of the sample was 17.8 (17.3). Demographic, clinical, and cognitive characteristics of the sample are presented in Table 1 . Table 1 .
The contribution of each variable to the model is displayed in Table 2 . It can be seen that higher Padua scores were significantly associated with female gender (male gender was coded positive), occurrence of one or more MINI psychiatric disorders, lower quality of life, and more extradimensional set-shifting errors. Padua total scores were not significantly predicted by age, education levels, alcohol/nicotine consumption, presence of one or more impulse control disorders on the MIDI, stop-signal reaction times, or decision-making performance. The were: social phobia, OCD, PTSD, panic disorder, and antisocial personality disorder.
When presence of individual MIDI disorders were used as possible predictors for Padua total scores, the overall model was not significant (F=1.426, p=0.210); nor was any individual MIDI disorder significantly predictive in its own right (all p>0.05).
Results of the regression analyses for Padua subscale scores are provided in the supplementary online section. Findings were qualitatively similar to those seen for Padua total scores, except that no significant model was identified for the 'Padua impulses to harm self/others' subscale.
DISCUSSION
In this study, we assessed relationships between obsessive-compulsive tendencies (Padua Inventory total scores), and distinct forms of impulsivity and compulsivity, in young nontreatment seeking adults recruited from the general population. The main finding was that higher obsessive-compulsive symptoms were significantly predicted by presence of psychiatric disorders (but not impulse control disorders), lower quality of life, female gender, and more extra-dimensional set-shifting errors.
Demographic and clinical correlates of obsessive-compulsiveness
Examination of questionnaire-based obsessive-compulsive scores resulted in several important findings that may deserve further examination. First, our study found an association between higher obsessive-compulsive symptoms and female gender. Associations between female gender and higher Padua Inventory total scores have been observed in several previous studies conducted in young adult populations using the same instrument, 2,37 and also other obsessive-compulsive questionnaires. 38 One explanation could be that higher obsessivecompulsive symptoms reflect a disposition towards harm avoidance type temperament. Metaanalyses have demonstrated that harm avoidance is more common in women, 39 and also that harm avoidance links OCD, panic disorder, and social anxiety disorder. 40 Obsessive-compulsiveness was associated with psychiatric disorders as assessed by the MINI, although contrary to our hypothesis, was not significantly associated with occurrence of impulse control disorders as indexed by the MIDI. Arguably these findings fit closer with the previous rather than revised DSM conceptualization. In DSM-IV, OCD was classified as an anxiety disorder, and impulse control disorders as a separate group. In DSM-5, OCD and certain former impulse control disorders are clustered together as OC Related Disorders. Alternatively, it may be that obsessive-compulsiveness is related only to certain impulse control disorders, rather than to impulse control disorders in general.
Cognitive correlates of obsessive-compulsiveness
It was observed that higher questionnaire-based obsessive-compulsiveness was associated with worse set-shifting (higher errors on the extra-dimensional shift stage of the IED task), which accords well with the existing literature. This type of task fractionates different components of behavioral flexibility, and the extra-dimensional shift stage corresponds to the ability to inhibit attention away from a previously relevant stimulus dimension, onto a different stimulus dimension that was previously irrelevant. Extra-dimensional shifting represents a relatively high level of flexible responding, contingent on the integrity of the dorsolateral prefrontal cortices. 41 In previous work, patients with OCD showed extra-dimensional set-shift deficits on this same task, compared to controls, in most 7, 26, [42] [43] [44] but not all 45 studies. Metaanalysis across OCD studies confirmed impaired cognitive flexibility using various tasks. 46 Extra-dimensional shift impairment on the IED task extends to clinically asymptomatic firstdegree relatives of OCD patients. 26 Our data extend upon this previous work with the task,
showing for the first time that IED impairment exists along a continuum in relation to obsessivecompulsiveness. This is consistent with two previous studies of high compulsive nonclinical subjects, which identified impaired performance compared to controls on the WCST; 28, 30 although a third study was negative. 31 The current study, using subjects recruited from the background population, viewed alongside the majority of the previous data, supports impaired set-shifting as an important underpinning feature of compulsivity at a dimensional level, rather than just at the level of formal clinical diagnoses.
In terms of cognitive functions besides set-shifting, there was no evidence for a significant relationship between questionnaire-based obsessive-compulsiveness and prepotent response inhibition (Stop-Signal Task), nor decision-making measures. This may be taken to imply that set-shifting is particularly robustly associated with obsessive-compulsive tendencies.
Limitations
Although this is the first study to explore relationships between questionnaire-based obsessive-compulsive tendencies and a broad range of other facets of impulsivity and compulsivity, there are several limitations that should be considered. We did not exclude people with psychiatric disorders, because we wished to study relationships between Padua total scores and occurrence of general psychiatric disorders, and impulse control disorders. The study deliberately focused on the global composite measure from the Padua Inventory in the primary analysis, rather than individual items, because the aim was to evaluate 'obsessivecompulsiveness' viewed as a broad or 'latent' trait, rather than specific thoughts or behaviors that are likely to be more individualistic. Total Padua Inventory scores in our whole sample were somewhat lower than those reported in other studies, 2,47 but our sample was recruited using a different approach to these other studies, with different inclusion criteria. In the interests of time and convenience for participants, only a limited range of cognitive functions was examined: we focused on tests of impulsivity (stop-signal task, decision-making task) and compulsivity (setshifting task). Other types of task measuring impulsivity and compulsivity are available in the literature, or are in the process of being developed, and could be included in more comprehensive future work. It should be noted that we did not screen for tic disorders, bingeeating disorder, or body dysmorphic disorder: these disorders merit study in their own right, in relation to the "impulsive versus compulsive" debate. We did not evaluate any medications the subjects were taking; some medications could contribute to impulsivity or compulsivity, either in terms of causing it, or treating it. As this was a non-treatment seeking sample, it is highly unlikely that medications significantly accounted for the overall findings. In addition, although this was a non-treatment seeking sample, the sample was enhanced for a predisposition to gambling and this may result in findings less generalizable to the population at large. It is also of course possible that our measurements of impulsivity (the use of the DSM-OV impulse control disorders and the SST) are of limited utility. Although the impulsivity assessments in this study are commonly used, including a wider range of behaviors, disorders, and neurocognitive tests would facilitate a more understanding of impulsivity. We have addressed only the neuropsychological features of compulsivity and impulsivity, and the lack of assessments of the symptom/behavioral aspects of compulsivity and impulsivity are an additional limitation of this study. Lastly, it should be noted that there are other questionnaire-based measures of obsessivecompulsiveness that we did not include in our study, e.g. Obsessive Compulsive Inventory
Revised (OCI-R). 48 It would be useful to include these in future studies in this area.
Concluding Remarks
In summary, obsessive-compulsive symptoms were significantly associated with female gender, worse set-shifting, lower quality of life, and psychiatric disorders besides impulse control disorders. The findings may militate against obsessive-compulsive symptoms being primarily 'impulsive' as opposed to 'compulsive'.
